This paper concerns the reflex effects on the heart of the application of traction to the extrinsic muscles of the eye. Relevant medical literature is reviewed, and a controlled investigation of the value of muscle relaxant drugs in the prevention of untoward vagal activity during eye surgery is described. Gallamine is shown to provide considerable protection by reason of its vagal-blocking activity and it is suggested that this drug be used during anaesthesia for procedures involving traction on the eye muscles. Careful observation of the pulse and the avoidance of hypoxia and hypercapnia are also recommended.
Bradycardia resulting from pressure on the eyeball was first described by Aschner (1908) and, independently, by Dagnini (1908) . By means of animal experiments involving the selective division of cranial nerves Aschner showed that the afferent limb of this reflex was carried by the trigeminal nerve. Presumably the relevant fibres pass via the ciliary nerves, ciliary ganglion and nasociliary nerve to reach the ophthalmic division of the trigeminal nerve. All of these structures are known to carry parasympathetic components as well as sensory somatic fibres. The efferent pathway for the oculocardiac reflex is provided by the vagus nerve.
In the conscious subject the application of pressure to the eyeball usually produces no dramatic response, although it may reduce the pulse rate during paroxysmal auricular tachycardia. Anaesthesia, however, renders the heart vulnerable to vagal stimulation (Reid, Stephenson and Hinton, 1952) and there have been several reports of the untoward effects of the oculocardiac reflex during surgery. The following examples may be considered. Bradycardia due to the pressure of a headrest on the closed eyes was described by Howland and Papper (1952) . Sorenson and Gilmore (1956) reported that of 17 patients undergoing surgical correction of strabismus under ether anaesthesia, 15 showed a considerable slowing of the heart rate and 1 developed ventricular fibrillation. This report 451 also included an account of an earlier case of cardiac arrest apparently due to traction on the medial rectus muscle. Walton (1957) published details of two cases of cardiac arrest attributed to reflex vagal inhibition during eye surgery and described an investigation in which intramuscular gallamine or d-tubocurarine dimethyl ether was given prior to retraction of the extrinsic muscles of the eye. Of 12 patients only 3 showed any reduction in pulse rate. Another case of cardiac arrest, occurring during operation for retinal detachment, was reported by Kirsch et al. (1957) , who recommended routine retrobulbar block with procaine prior to all operations involving traction on the eye muscles and stated that this procedure abolished the oculocardiac reflex within 90 seconds in every one of 12 cases investigated. A similar recommendation was made by Mallinson and Coombes (1960) in the course of a report of cardiac arrest following tension on the lateral rectus muscle during correction of strabismus. It was stated that no abnormal response to traction on the rectus muscles had been detected in patients subjected to preliminary retrobulbar block with lignocaine 0.5 per cent. It is probable that there have been other cases of cardiac arrest similar to the six described above. The incidence of cardiac arrest associated with ophthalmic surgery has been estimated at 1 in 3,500 cases (Kirsch et al., 1957) and it has been suggested that, in the United States of America, at least 45 persons die each year during operations on the eye, most of these being children aged less than 9 years (Gartner and Billet, 1953) .
There is general agreement that atropine will abolish the reflex bradycardia produced by traction on the eye muscles if it is given intravenously, but that it is much less effective if administered only as premedication (Sorenson and Gilmore, 1956; Walton, 1957; Reed and McCaughey, 1962) . Preliminary retrobulbar block has been recommended, as described above, but Bosomworth, Ziegler and Jacoby (1958) and Reed and McCaughey (1962) found that this procedure failed to prevent reflex bradycardia in 12 out of 17 and 31 out of 32 cases respectively.
The present report concerns an investigation, performed under controlled conditions, of the value of small doses of muscle relaxants in the prevention of reflex bradycardia during surgical treatment of strabismus. It was considered that gallamine might be particularly effective, because of the vagal blocking action of this drug.
METHOD
Thirty-five fit patients undergoing surgical correction of strabismus were investigated. Their ages ranged from 4 to 61 years. Thirty of these patients were divided into three groups of ten in such a way that the distribution by age was similar in each group (tables I, II and III). The decision to place a patient in a particular group was made prior to the induction of anaesthesia and was based on age in order that the three groups might be comparable in this respect.
Premedication and anaesthesia were standardized as follows. Each patient received an intramuscular injection of papaveretum and hyoscine 1 hour before induction of anaesthesia, the dosage being regulated according to body weight, thus: Anaesthesia was induced with thiopentone 2.5 mg/lb. (5.6 mg/kg) followed by suxamethonium 0.5 mg/lb. (1.1 mg/kg). A suitable endotracheal tube was then inserted and anaesthesia was maintained by means of nitrous oxide and oxygen (6 l./min and 2 l./min) with halothane 1.1 per cent.
Patients of the first group (A) received no further drugs. After the return of spontaneous respiration, patients of the second group (B) were given gallamine 0.4 mg/lb. (0.9 mg/kg) intravenously and in the third group (C) each patient received an equivalent amount of d-tubocurarine consisting of 0.08 mg/lb. (0.18 mg/kg). These dosages were selected so as to provide some muscular relaxation without serious reduction in tidal volume.
Electrocardiographic studies were made before the start of surgery and continuously from incision of the conjunctiva until after traction had been applied to the appropriate eye muscle. Recordings were made during the application of traction to each muscle involved in the surgical procedure but only those traces relating to the first muscle operated upon were used for purposes of comparison between the three groups of patients. The electrocardiograms were recorded by means of a Cambridge direct-writing instrument using standard limb lead II.
The respirations were observed during the application of traction and were recorded by depressing the marker button on the electrocardiograph throughout each inspiration.
Five patients were not included in the three groups described above, because they were of an age represented only once or twice in the entire series. This meant that it was not possible to include them if the age distribution was to be similar for each of the three groups. However, these patients did provide information relating to the effects of traction on the eye muscles in subjects of up to 61 years of age.
RESULTS
An analysis of the electrocardiographic observations in the three groups of patients is presented in tables I, II and III. In these tables the pulse rate shown as occurring at the time of traction on the eye muscles is the slowest rate observed during this manoeuvre, as calculated from the This method of assessment of the pulse rate was adopted in order to give a realistic indication of the response to the surgical stimulus. A simple count of the number of heart-beats per minute would have been misleading, since bradycardia often existed for a few seconds only. Calculation of the pulse rate from the interval between successive R-waves would have been equally false, because of irregularities of rhythm. The tabulated results do include, however, the duration of the longest diastolic pause as an indication of the inhibitory effect of the oculocardiac reflex on the heart. The response was quite dramatic in some cases ( fig. 1) .
Group A. No muscle relaxant (table I).
A sudden slowing of the pulse was observed in all 10 cases as soon as the muscle retraction hook was inserted. The decrease in rate varied from 5.1 per cent to 50.9 per cent with an average of 32.6 per cent. Considerable bradycardia thus occurred and in 2 cases the pulse rate fell to 25 and 37 per minute respectively (calculated over a 10-second period as described above).
The most profound bradycardia occurred as soon as the muscle hook was inserted, but there was generally some slowing for as long as traction was applied and an average interval of 75 seconds was required for recovery to within 10 per cent of the previous rate.
Nodal rhythm was observed in 5 cases and in 2 of these there occurred diastolic pauses of 3.1 and 3.5 seconds respectively. These might be described as brief periods of cardiac arrest. Figure 1 shows the sudden reflex slowing of the heart in one of these cases, with atrial standstill and nodal escape after an interval of 3.5 seconds. Group B. Gallamine 0.4 mg/lb. (0.9 mg/kg) (table IT) . The vagal-blocking action of gallamine was evident in every case and the average pulse rate before insertion of the muscle hook was 113 per minute-considerably higher than in the other two groups of patients. An average slowing of only 9.9 per cent followed the application of traction to the appropriate muscle and in no case was there any significant bradycardia. The average interval for recovery to within 10 per cent of the previous rate was only 4.7 seconds and, in fact, in only 3 patients did the degree of slowing exceed 10 per cent. The longest diastolic pause observed in this group was 0.8 seconds and abnormal cardiac rhythms did not appear.
Group C. d-Tubocurarine 0.08 mg/lb. (0.18 mg/kg) (table III).
The results in this group were very similar to those in group A. A sudden slowing of the pulse was observed in all 10 cases as soon as the muscle retraction hook was inserted. The decrease in rate varied from 18.8 per cent to 63.2 per cent with an average of 31.7 per cent. Considerable bradycardia thus occurred and in 1 case the pulse rate fell to 32 per minute (calculated over a 10-second period as described above). The most profound bradycardia occurred as soon as the muscle hook was inserted, but there was generally some slowing for as long as traction was applied and an average interval of 70 seconds was required for recovery to within 10 per cent of the previous rate.
Nodal rhythm was observed in 4 cases and in 1 of these there occurred a diastolic pause of 2.9 seconds which might be described as a transient cardiac arrest.
A comparison of the effect of muscle traction on pulse rate in the three groups of patients is presented in figure 2 . Comparison of mean pulse rates before and after the application of traction to the eye muscles in three groups of ten patients.
There appeared to be no correlation between the age of the patient and the degree of cardiac slowing ( fig. 3) .
The exact operative procedure varied according to the nature of the strabismus, but in every case surgery was confined to one or more of the following three extrinsic muscles of the eye: medial rectus, lateral rectus, inferior oblique. In the series as a whole, and also in those cases where more than one muscle was operated upon, there was no correlation between the level of activity of the oculocardiac reflex and the particular muscle involved.
No attempt was made to measure the traction applied to the eye muscles, but it was observed that bradycardia occurred as soon as the muscle hook was inserted and subsequent deliberate variations in pull did not produce any corresponding change in pulse rate. Muscle traction appeared to affect respiration also, although the response varied from patient to patient. In groups A and C there was a mean decrease in respiratory rate of 28 per cent and 17 per cent respectively. In group B respiration was less affected and the mean variation in rate was nil.
DISCUSSION
Reflex bradycardia occurred in almost every case in this series and must be regarded as the normal consequence of traction on the eye muscles during surgery. These results showed no correlation between age and the degree of slowing of the pulse, but most patients undergoing surgical correction of strabismus are of an age associated with a high level of vagal tone.
The often dramatic slowing of the pulse, the arrhythmias, and the short periods of asystole which were observed suggest that activation of the oculocardiac reflex may result in cardiac arrest. As described above, several such cases have been reported and it is probable that others have occurred. The authors consider that the risk is particularly great if hypoxia or hypercapnia exist, since these factors are known to increase the incidence of serious disturbances of cardiac rhythm (Young et al., 1951; Reid, Stephenson and Hinton, 1952; Snyder, Snyder and Chaffin, 1953; Milstein, 1956; Rhode et al., 1958) . It is possible that the effects of the reflex may be more profound if the pulse has been slowed by the influence of halothane or other agents having a similar action on the heart. Similar results were obtained in group A, where no muscle relaxant was used during surgery, and in group C, where d-tubocurarine was given. In group B gallamine was administered and here the reflex bradycardia was much less marked, was of shorter duration, and was never associated with nodal rhythm. The dosages of gallamine in group B and of d-tubocurarine in group C were such that a similar degree of muscle relaxation was produced. It appears, therefore, that the decreased reflex activity in group B was due to the vagal-blocking action of the former drug. 
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A small dose of gallamine administered intravenously, affords very considerable protection against the harmful effects of the oculocardiac reflex and the authors recommend the selection of an anaesthetic technique involving the use of gallamine for operations in which traction is applied to the eye muscles. It is most important to observe the pulse carefully during such operations and to avoid hypoxia and hypercapnia.
